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SUMMARY

Relative velocitlies were measured in a gless tube for the
flame in & carbon monoxide (CO)} ~ air mixture containing either
added D20 or H20. Differences in temperature, in flame-front area,
and in movement of the preflame gas occur between the two flames.
Because these differences were not measured in this investigation,
only qualitative comparisons can be made between the flame-velocity
meesurements. Throughout the range of CO - air composition, the
flame conteining sdded Hz0 had a faster speed than the flame con-
taining D50. The flame-speed increase on addltion of increasing
amounts of Hp0 to the CO - air mixture was greater than the increase
produced by addition of increasing asmounts of D20. An increase in
the temperature of the preflame gas increased the speed of the flame
that contalns H20 more than it increased the speed of the flame that
contains Dp0. A quentitative determination of the relative flame
velocities of CO - alr mixtures containing either added H20 or
D50 was obtained by Bunsen cone measurement.

INTRODUCTION

Some investigators (reference 1) have ascribed the fleame
velocity of a gaseous mixture to the rate of heet transfer from
the flame Front to the unburmed gas. Recently the svggestion
has been mede (reference 2} that the diffusion of active radicals
from the flame front may control the flame veloclty. It has been
postulated that active radicals diffuse from the Plame zone into
the unburned mixture and there initiate combustion processes (for
example, reference 2). The rate of propagatlon has been related
to the hydrogen-atom concentration in the flame zome. The posslble
effect of hydrogen atoms in propagating combustlion outwelghs the
effect of other active radicals becaunse the hydrogen atcom dlffuses
many times Paster than any other radical present in the flame.
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If flame velocity could be measured in systems that differ in
the rates of active radical diffusion, the effect of radical dif-
fusion on flame veloclty could be evaluated. This condition may
be approximated by the use of certain lsctopic materials, such as
deuterium and hydrogen, that magnify changes in diffusion and
minimize changes in thermasl Pproperties.

In this preliminery research, which was conducted at the NACA
Lewls laboratory, relative flame velocitles were messured for car-
bon monoxlde (COS - alr mixtures that contained elther added heavy
vater (Dz0) or light water (H;O0). This report presents the meas-
urements of flame speed that have been completed to date. These
two systema differ chiefly 1n the diffuslon coefficient of active
radicals. The deuterium atom differs from the hydrogen atom In
having: (1) a much smaller diffusion coefficient; (2) a lower
thermal equilibrium concentration; and (3) a possible lower rate
of reaction with the unburned carbon monoxide - alr mixture. If
active radical diffusion influences flame velocity, the velocity
of the flame that contalns hydrogen atoms should be greater than
the velocity of the flame that contains deuterium atams because
the diffusion of hydrogen atoms from the reaction zone into the
unburned gas ls gignificantly greater then the dlffusion of
deuteriun atoms.

The use of Dp0 was approved by the U.S. Atomic Energy
Commission.

EXPERIMENTAL

The flame tube used in part of these msasurements of flame
velocity is dlagrammatically shown in flgure 1. The 25-millimeter
inside-diameter pyrex tube (100 cm long) was fitted with
a 4-millimeter orifice in one end. Relative rates of fleme Prop-
agation were measured with this apparatus. The linear rate of
Plame propegation was determined by measuring the time required
for the flame to move between the two palrs of tungsten electrodes.

The prepared mixture of CO, air, and water vapor was admitted
to the evacuated tube, both ends were opened, and the gas was ignited
by application of a flame to the end opposite the orifice. FPhoto-
graphs taken at 64 frames per second showed that the flame front
ares was congtant and that the flame motion was uniform. The flame
tube could be replaced with an identlcal tube that was externally
wound with Nichrome wire to permit prehsating of the gas.
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Relative measurements of flasme velocity were also made with a
Bunsen technique. Shadowgraphs were taken of a projected Bunsen
cone- that was burning the desired mixture of CO, alr, end water
vapor. The area of the flame front was determined by measurement
of the cone photograph.

The CO used in this Investigation was produced by the reaction
of anhydrous formlc acid and concentrated sulfuric acid. Anslysis
showed the carbon monoxlde to be at least 99.9 percent pure. The
stated purity of 99.8 percent for the D50 was confirmed by density

and refractive-index measurements. The alr used in these measure-
ments was dried with anhydrous magnesium perchlorate.

RESULTS AND DISCUSSION

The flame-tube measurements are only quslitative comparisons
because: (1) The relative areas of the flames were not measured;
(2) the pressure and the movement of the preflams gases were not
measured for the different mixtures; and (3) the effect of the
tube wall on the temperature and free radical concentration in
the flames was not determined.

The varilation of uniform Plames movement with the change in
CO content is shown in figure 2. In these experiments, 1 percent
by volume of water vapor was added to the CO - sir mixbure and
therefore the ratio of water wvapor to CO decremses as the CO con-
centration increases. With added H;0, CO has a faster uniform

movement of flame than CO with an equal mole fractlon of added Ds0.

Measurenents were also made for a 42-percent CO - 58-percent
air mixture to which had been added increasing amounts of elther
Hp0 or Dp0. The results of these measurements are plotted in

Pigure 3(a). The change in uniform flame movement wlth & change
in concentration of added water ls less for the fleme that con-
tains D0 than for the flame that contains HpO.

Measurenents were made for several temperatures of the pre-
flame gas on & 42-percent CO - 58-percent air mixture that con-
teined 1 percent of added water vapor. The results are shown in
figure 3(b). An increase in temperature lncreases the gpeed of
the flame that contains Hy0 more than it increases the speed of
the flame that contalns Dg0.
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At s o ennnl abd e

GQuantitative determinations of relative fl
secured with the Bumsen shadowgraph technique.
a 42-percent CO - 58-percent air mixture with 1

water were as follows:

ercent of added

Flame with added D0, cm sec™l . . ¢« v o v ¢ ¢ o v oo .. 32,9

Flme with added Hzo, cm sec-l ¢ & 6 & ® e 8 & & v & s s & 39.5

Although the diffusion theory predlcts the trends that are reported
herein, no conclusions can be drawn as to the application of +the
thermal or diffusion theories untlil an analysls has been completed.
Continued investigation should determine the effect of free radi-
cal diffusion on flame speed.

SUMMARY OF RESULTS

Measurements of the flame speed of carbon monoxide (CO) - air
mixtures with added heavy water (Dz0) and light water (HpO) gave
the following results:

1. Throughout the range of CO - alr compositlion, the flame
that contalns H;0 had a faster speed then the flame that contained

an squivalent amount of DgO.

2. The flame speed increase upon additlon of increasing
amounts of Hp0 to the CO - alr mixture was greater than the

increase an addltion of increasing amounts of Dy0.

3. An increase in temperature of the preflame gas increased
the veloclty of uniform movement of the HpO flame more than 1t
increased the velocity of the flame that contained Dg0.

4. A quantitative determination of the relative flame veloc~
itles of CO - air mixtures that contalned either added H20 or D0
was obtalned by Bunsen cone measurement.

Lewls Flight Propulsion Laboratory,
National Advisory Committee For Aeronautics,
Cleveland, Ohic.
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FPigure 1. - Glass flame tube used in making flame-speed measurements.

A Recording oscillograph
B dtopcock
¢, ¢', F, F' Ground-glass jolnts
D 4~millimeter orifice
E, E? Tungsten electrodes
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Figure 2. - Flame veloclty of carbon monoxide - alr mixtures with
1 percent of added water wveapor.
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Pigure 3. - Flame velocity of 42 percent carbon monoxide - 58 per-
cent alr mixture.
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